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amined it the  day  after  the  recent  storm  in  Liverpool,  and  had l ~ t  
found a single  bolt  sprung. 
Mr. LOCKE, M.P., V.P. thought the correct estimate of the 
cost of the roof under discussion would be about S2 per super- 
ficial yard. T h e  cost had been probably augmented by the heavy 
cast-iron columns on the  one side, and  the  wrought-iron box-beam, 
on the other. The length of the shed was about 120 yards, by 
50 yards  in  breadth,  giving  about 6,000 superficial yards. 
~~~~~~ ~~ ~ ~~ 
February 26, 1850. 
W I L L I A M   C U B I T T ,  President, in the Chair. 
No.  825. ‘6 Observations on the  Street  Paving of the  Metropolis ; 
with  an  account  of a peculiar system  adopted at  the  London  and 
North-Western  Railway  Station,  Euston-square.” By William 
Taylor, Assoc. Inst. C.E.* 
T h e  paving of the  streets  is  next  in  importance  to  the sewage of 
the Metropolis, and it is only by a good combination of the two, 
that true sanitary measures can be rendered complete and perma- 
nent. T h e  immense  sums  of money annually expended in repairing 
paving, prove that the subject has hitherto been much neglected ; 
and  the  following observations, giving  (it  is  true)  only  the  practical 
results of hitherto limited operations, are made with the view of 
directing  attention  to  the  subject,  and in the hope that  the discussion 
may  induce a more  extended  application  of  the  system,  if  it  be  ap- 
Proved,  and  lend  assistance  to  the  consideration of a subject of such 
increasing  magnitude. 
T h e  street paving of the Metropolis has been for many years 
carried  on  under  one  general system. The method  is to employ 
granite,  in  blocks of from 8 inches to 14 inches  long, 6 inches to 9 
inches wide, and 9 inches  deep ; these  are  merely  laid  in  rows upon 
the subsoil (Fig. l) ,  and after the usual process of grouting and 
ramming,  the  street is thrown open for the  tra%c which is expected 
Fig. 1. 
ORDINARY LOSDON PAVEXE~T. 
. ”  
* The discussion upon this subject was extendea over a portion of two 
evenings, but an abstract of the whole is given consecutively. 
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to perform the last duty of the pavier, and to settle each stone 
upon its bed ; for  the  large wooden xarnmer is altogether insufficient 
for  this  purpose, as may  be observed from  the  irregular  settlement 
of the blocks, caused by the rapid concussions from the carriage 
wheels, immediately  after  the  traffic  has  been  restored.  The  results 
produced  are  great  noise  as  the  carriages pass over,  imperfect foot- 
hold  for  the horses, and  risk  to  the  axletrees  and  springs  from  the 
jolting. 
The  long  continuation  of  this system of  paving  arises  from  two 
causes. First,  the  general  opinion  that  great  strength  in  the  material 
employed  is the  only desideratum ; consequently any  attempt  towards 
the improvement of the surface of pavements has been prevented, 
under  the impression that depth, or weight, of stone, alone consti- 
tutes  strength. 
Secondly, the process of laying large blocks of stone has been 
found so easy, requiring so little care and anxiety for its results, 
that the pavier has felt satisfied to follow in the beaten track, so 
long as public  opinion  proved  indifferent to  a change. I t  will 
scarcely be credited, that an Act of Parliament for Tottenham- 
court  Road is in  existence,  which  states  that it shall only be paved 
with stones  of not less than 9 inches in  depth. 
T h e  ‘‘ Macadamized” road is not only an advance upon the  old 
system of gravelling roads, but it is also found to offer the most 
perfect surface for quietness and safety i n  travelling. The grind- 
ing  action, however,  of the  carriage-wheels  upon a material composed 
of  small  particles,  reduces  them  rapidly  to powder, and  the  expense 
of an  annual  supply  of new stone  to  keep  up  the  surface? is such  as 
to  render  it  objectionable  for  the  carriage-says of streets  where  there 
is  much traffic. T h e  consideration  of  this difficulty caused an expe- 
riment  to be made  about  twelve  years  ago,  with  paving-stones 4 inches 
in  depth,  adopting,  in  one  particular,  the  principle which Macadam 
carried out, namely, a foundation possessing a certain amount of 
elasticity,  but of sufficient strength to support  the  surface  ma- 
terial, the difference being one stratum of solid granite, in lieu 
of  broken  ringstone.  The  xperiment was  first tried a t  Bir- 
mingham,  in  the year 1838, at  the crossing of a street,  where 
heavy  waggon-loads  were  constantly  passiug  over  it ; this  pavement 
may now (1850) be seen in as perfect a condition as when it was 
first laid. 
The  success of  this  trial led to  another of the  same  sort of  pave- 
ment, about seven years ago, at the departure side of the Euston 
Station  of  the  London  and  North-Western  Railway, which has 
been found as perfect as that laid at Birmingham, and has been 
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called the 6‘ Euston pavement” (Fig. 2), to distinguish it from 
others. 
Fig. 2. 
Eus~orr PAVEMENT. 
below the intended level of the pavement, tlle foundation beiug 
shaped to the convexity of the intended surface of the road; a 
layer of strong gravel, 4 inches  thick, is then  spread  over  the 
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snrface, and compressed, by being rammed equally throughout ; 
after which, another  layer  of 4 inches  of  gravel, mixed with a small 
quantity of chalk, or hoggin, is laid on, for the purpose of giving 
elasticity to the bed, the ramming being continued as before. This 
is followed by  the  last  layer, also 4 inches thick, of the  same  mate- 
rial, but of a finer quality, when the whole mass is compressed by 
the  rammer  into  the  smallest possible  space. Thus  the  surface  of  the 
foundation is perfect, both in shape  and  solidity,  in all its  parts,  and 
is ready to receive the pavement. The stones used are of Mount 
Sorrel granite, from 3 inches to 4 inches deep, 3 inches wide, and 
averaging 4 inches in length, neatly dressed and sqnared. These 
stones are laid in a bed of fine sand, 1 inch in depth, spread over 
the surface, and are carefully and closely jointed in the laying, so 
as  not  to  allow  any  single  stone  to rock in  its bed. The  rammer  is 
then applied over  the whole, each stone receiving its blow in rota- 
tion, and  this is repeated again and again, until no further  impres- 
sion can possibly be  made upon it. I t  is by observing  the  action  of 
the  rammer at this  stage of the  work,  that  the system is  fully eluci- 
dated. T h e  wooden rammer weighs 55 Ibs., and has an iron ring 
at  its foot. It can only be used with effect by practised workmen; 
and  such is the  force of the blow, that were it  not  for  the  resiliency 
from below, in the  elastic  quality  of  the  foundation,  the  stone would 
necessarily break, or its edges be destroyed. I t  should, however, 
be  remembered,  that  the  same blow, if  given  to a stone of 9 inches, 
or 12 inches deep, would produce but little effect even though it 
were laid on a soft bed, the force of the blow being expended in 
the mass  of the  stone, so that  it  would only  be pressed to  the  bottom 
in  course of  time, by the  weight  and  action of the traffic ; but  such 
is the power  exercised by this  rammer 011 the  small  stone,  that  when 
rile paving is finished, a weight of ten tons, upon a pair of wheels, 
would be found to  make no  impression  upon the  surface.  The 
operation of ramming having been completed, a small quantity of 
screened gravel is sprinkled  over  the  surface,  and  the  street  is 
opened. The  action of the first water  upon  it fills in  the  interstices 
at  the  corner  joints  of  the stones, leaving  the  foundation  impervious 
to wet, and  thereby  securing  perfect cohesion. 
T h e  greatest  care is required  in fixing the  levels for the workmen, 
so that a perfect  line  in  the  longitudinal  inclination of the road may 
be  insured,  with  thorough  uniformity  in  the  convexityof  the  carriage- 
way, the  inclination  from  the  centre  to  the side channels  being  only 
sufficient to drain off the  surface water. The ‘‘ Kuston pavement ” 
is  distinguished  by  the  extreme  quiet  it affords under busy  traffic, by 
the  numerous  joints  affording a very  perfect  foothold  for  the horse, 
and  by  the  traction  being less than on the best Macadamized road ; 
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and  from  the  nature  of  the  Mount  Sorrel  stone,  and  the  absence of 
those glassy yualities so observable in almost every other paving, 
there  is none of  that  slipperiness so prevalent  in  the  streets  of 
London, whilst the appearance is admitted to be better than that 
of any  other  pavement now in use. 
The  cleansing of this pavement, is also  another  important  consi- 
deration. The arch of the road abutting upon the kerb stone, on 
each side, enables  “Whitworth’s”  sweeping-machines  to  brush off, 
effectually, every particle of dirt  from  kerb  to  kerb,  thus  ensuring 
the cleanliness of the road at   a l l  seasons of the year ; whereas in 
almost all the streets of the metropolis, the side channels are so 
constructed,  that  this  valuable  machine  is  found  comparatively use- 
less beyond the  centre  part  of  the road. 
With the view of proving the strength and durability of this 
pavement, by the severest test that could be applied, an offer was 
made in 1844 to  the Commissioners  of Sewers a t  Guildhall,  to pave 
any  street  in  the  City of London,  and  only  to  be paid for it, subject 
to  their  approval,  at  the  end of twelve months. The offer \vas 
accepted,  on  condition of a small specimen being allowed to be  laid 
by way of trial, in Watling-street, a t  the crossing of Bow-lane, it 
being  the  opinion  of  the  Board,  that  this  situation would afford the 
best trial  for  its merits. The  pavement  presenting  the  same  surface 
at   the end  of  twelve months, the  amount  stipulated was paid without 
any  application  for  it ; the testimony of the  inhabitants a t  t h i s  par- 
ticular  spot  being  of  the  most  flattering  nature,  from  the  quiet  and 
comfort that marked the change from the former large pavement, 
and also from the  safety  it afforded to the horses, no  accident 
having occurred since it has been laid down. T h e  pavement, how- 
ever,  became  mutilated  from  time  to  time  by  being opened for  laying 
water and gas pipes; and the necessary repairs were so carelessly 
conducted, that the City surveyor requested the whole to be again 
relaid in September, 1848, when i t  was found, that such portion 
of  the  pavement  as  had  remained  undisturbed, was as perfect  in  sur- 
face  as when it had  been completed  three-and-a-half  years previously. 
I t  was a t  this period that  an  opportunity was afforded, for  comparing 
the relative advantages of the  Mount  Sorrel  granite  with those of 
the  Aberdeen stone. 
When this pavement was first laid in Watling-street, the chan- 
nels consisted,  in part, of large  Aberdeen  granite;  and upon 
lifting  this  stone i n  September 1848, i t  was found  to  have lost fully 
one  inch  by  wear,  within  the  previous  three  years  and  a-half, 
although  no  perceptible  wear  could  be  observed  in  the  Mount 
Sorrel stone-the  impressions of the  hammer,  in  the origirlal  dress- 
ing  of  the  stone,  being  distinctly observed on  the surface. 
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This  stone is found to  be  perhaps  the best that  has  hitherto been 
tried for paving, both on account of the toughness of its texture, 
and the dead surface it maintains under heavy wear. With a view 
to meet the predilection for large stones, a suggestion has been 
made  to  increase  the  depth of the  Euston  pavement to 5 inches ; but 
when it is considered  that  every  addition  to  the  weight of the  stone, 
must necessarily increase the cost per superficial yard, and as the 
stability of this pavement depends chiefly upon the nature of the 
foundation,  and  the  full  complement  of  manual  labour  being 
bestowed upon it, 5 inches should be the maximum depth of the 
stones, for  streets  having  the  heaviest traffic. I t  is  frequently 
observed, in the streets of the metropolis, that when an old pave- 
ment  is  lifted,  the  stones  are piled in heaps in  the  carriage-way  for 
the purpose of being re-dressed, to restore again a flat surface to 
each stone. This expense and inconvenience would be obviated by 
the  use  of  the  small  pavement,  inasmuch as the joints, or  interstices 
are so numerous  and insignificant, that  there  is  no possibility of the 
stone  wearing  round upon the  surface;  and  after  the  lapse of  years, 
this paving-stone would still be fonnd available, without any re- 
dressing,  for  the  numerous  retired  streets of small traffic. This 
arrangement would prove  its  own  recommendation,  both  in economy 
of cost, and  the  quiet,  comfort,  and  cleanliness  that would mark the 
change ; for  it  may  be  observed, when driving  through  these  retired 
streets,  that  the concussions are  more  violent  than  in  the main tho- 
roughfares, on account of the rounded and worn-out stones having 
been transferred  to  the second and  third  class  streets. 
A n  approach towards the improved system has been made in 
several  streets i n  Marylebone parish, within  the last three  years,  by 
the adoption of small stones of Mount  Sorrel  granite, 6 inches in 
depth; but the principle of the partially elastic foundation having 
been overlooked, and  the  workmanship  being  of so different a 
character  to what is required  for  this  description of pavement,  it is 
evident  that  the  trial could not  be successful, and  the consequences 
are manifest failures. 
I n  making a comparison  of  the  cost of the  two  systems of paving, 
the  balance wi l l  be found to  be in favour  of  the “ Euston 
pavement.” T h e  usual practice in the old system has been for  the 
contractor,  in  repaving a street,  merely  to  lift  the  existing  surface, 
and  to  substitute new stone  in  place of the old. T h e  minimum  cost 
of this replacing is fifteen shillings per superficial yard, to which 
must be added three shillings per yard, for the value of the old 
stone  claimed by the  contractor,  and which will  make  the  clear  cost 
of the large pavement eighteen shillings per superficial yard. T h e  
maxilnum  cost of the  Euston  pavement  is  twelve shillinga per  super- 
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ficial yard,  including  the  foundation;  and  after  deducting  three 
shillings per yard, the value of the old stone, not claimed by the 
contractor,  the  nett cost will  be  nine  shillings  per superficial yard, or 
about  half  the  minimum  cost  of  the  large  pavement. 
I t  is difficult to find precise data, upon which a true  estimate of 
the comparative expense of the annual repairs may be framed, on 
account  of  the  very  unequal  duration of the  pavement of the 
different metropolitan  districts,  much  care  being  apparently be- 
stowed  upon  some streets,  whilst  in  others  the  very opposite extreme, 
of  neglect  and indifference, is  exhibited. The  diversity  of  the 
nature of the traffic, in the different quarters of the city, and in 
the  kinds  of vehicles prevalent  in  certain  thoroughfares,  still  further 
augment  the difficulty. 
I t  has been observed, that a leading street in the city has been 
twice paved within one year, and many others, having a similar 
amount of traffic, have been also paved within the second or third 
year. Although it is possible these instances may be exceptions to 
the  general  rule,  in first-class  thoroughfares, yet  they are the  streets 
to  be  selected for comparison. 
T h e  average  expense of the  Enston  pavement,  including  the 
first  cost, would certainly  not  amount  to  more  than  one  shilling  and 
sixpence,  per superficial yard  per  annum  for  ten  years ; indeed, argu- 
ing  from  examples  in  existence,  it  would  be less, for  the  pavement 
in  Watling-street  was  perfect  in  surface,  (where no disturbance  had 
taken place for laying pipes, &C.,) after having been in wear for 
three years and a-half, the surface of the stone at  the same time 
remaining unin.iured, so that  it  is  fair  to  presume  that a gootl 
travelling  condition would have been maintained  to  the end of Seven 
years or ten years, without  the necessity of  repair. 
These  observations. are not  adduced  from  ere  theoretical 
views, but are based on long practical experience. The principle 
of a partially  elastic  foundation  belongs  to  Macadam,  and  the 
result of the Author’s experience, of more than twenty p a r s ,  in 
the management of turnpike roads, and street-paving, induces the 
conviction, that in  any improvement yet to be made in carriage 
pavement,  this  principle  cannot be departed from. 
The  “ Telford” system of paving, with deep blocks of stone 
imbedded  in  mortar,  upon a concrete  foundation,  must  be  regarded 
only as SO much masonry,  and in practice  it is found  that  the  surface 
of the  stone  is soon destroyed under the action of the carriage 
wheels, and the noise from the traffic is increased tenfold. Now, 
in order to provide for the constant action of the wheels upon a 
perishable material, it would appear self-evident, that some partial 
elasticity must be permitted, and is, in fact, necessary, to protect 
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the material of which the surface may be composed; it is on this 
principle that the railway-sleeper is laid on a bed of sand, and in 
the wood pavement the same principle is present, with this differ- 
ence, that in the latter case the  elasticity  exists  in  the  surface 
material,  instead  of  in  the  foundation. 
As a first step  towards a general  improvement,  it is desirable  that 
the  different  Paving  Boards  throughout  the  Metropolis should make 
a trial, by experiment, in the retired streets of small traffic, by 
lifting the large stones, and L‘ chopping” them into cubes, or rec- 
tangular pieces of 3 inches  in  depth,  for  the  future  pavement.  The 
result would prove of the greatest comfort to the householders, hy 
causing a  cessation of  the noise  of the  passing vehicles, and  the  trial 
would afford at the same time a fair contrast with the adjoining 
pavements. 
A n  experiment  of  this  kind  must, however, be  conducted  upon a 
system  undeviating  in  its  operations,  both  in  the selection  of proper 
materials  for  the  substratum,  and  in  the  employment  of a fu l l  com- 
plement of labour upon it. These quiet streets offer a good field 
for the  practice  of  the  paviers,  to  qualify then1 for  the task of ex- 
tending the system to the more important thoroughfares. The ex- 
pense being for labour only will prove its own recommendation in  
point  of economy, and  when  it  is considered that  stones of 9 incher: 
in  depth  are  cut down to 3 inches, a large  surplus of stone will be 
accumulated for paving purposes, and the refuse will be valuable 
for “ Macadamizing”  the  roads  in  the  outskirts  of  the metropolis. 
I n  conclusion, it is not intended to point out the Euston pave- 
ment as an  example of an absolute  remedy,  for all the  evils  attend- 
ing the imperfect state of the thoroughfares ; the object is widely 
different, being rather to invite attention to the magnitude of the 
question, which must  be acknowledged by all, to  be a subject beset 
with serious difficulties. I t s  importance is continually  felt  in  the me- 
tropolis  and  in  all  large towns ; and  amidst  all  the  improvements  and 
inventions by which the present era is distinguished, in the appli- 
cation  of  science  and  art  to  every known sub,ject, the mode of  paving 
the  thoroughfares of towns, has scarcely  made  any  advance  during 
the  last  century.  The  improvements  in  sub-drainage  and  the  inven- 
tion of cleansing-machines, can be regarded only as subsidiary to  
any general sanitary movement, the completion of the whole, in 
the production of a level and durable road-surface, remains still a 
desideratum. 
T h e  communication is illustrated by two large diagrams from 
which the woodcuts Figs. 1, 2, and 3 have been made. 
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